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ABSTRACT

This paper deacribes the electrical design, imple-
entation, and operational results of a high fidelity
feedback regulated) 800 A, 10-kV hard tube, hot deck
mplifier.

The amplifier can produce any linear waveform to
BOO-A for 30 ms and beyond (dopending on main energy
torage). The present use (s to drive the vertieal
feld (VF) control w«indings on ZT-40M, a toroidal
everased tleld pinch plasma physica experiment.
Although our application requires only 10 kV (8 MW) of
witching, anode voltage wmay be as high as 40 kV
32 HH)I

The hot deck consists of a solid atate driven, two
tage, 200-kW tube amplifier drlving four parallel
LA6I8 magnetically be.med output triodes. All power
upplien, energy storage, and controla for the drivers
re located in the hot deck. The solid state amplifi-
kbrs and first tube atage are contalned in an internal
ot deck (hot deck within a hnt deck) w#ith control and
rrror signala originating at ground potential via fiber
optica., The error signal ta generated hy e~rror and
loop compensation amplifiers unear the hot deck, with
the voltage relerence originating from the ZT-40M
control room (fiber coupled), All fiber links are of
the FM type with a de to 1 MHz b (dwidth that do not
enbiblt drift or requtre recalibration fer cable length
chanzen as occurs with AM links.

The hot deck amplifier compnnents are contafned in
a 512 cuble foot (Bx8xB8) rooa. The deck ftnelf
requires BA cublc feot (Hwdn7). It s {insulated
(supported) from a uniatrut framework below the deck.
trternal to the amplifier room are the ({interlock
controla, 480-V ac breakera, the main encrgy mource and
the charglug controln.

The amplifter nydtom exhibltn a 60-kliie open luoop
bandwidth, The maximem effective clonaed loop bhandwidih

DESIGN, CONSTRUCTION, AND OPERATIONAL RESdLTS OF AN B00-A, 10-KV HOT DECK AMPLLIFLER®

la nlew rate limited to 10 kHz by the chosen anode
voltage, vertical fileld call inductaunce, and related:
shunt resiatance. The output waveforma are "high;
Fidelity"” with ro obhservoble nonlinearitien or over--
‘ahoot with triangle or tquare wave test mignala. I

i

RLECTRLCAL DESIGNS

Bhown in Fig. 1| ta the block diagram of the hnti
deck am, lifler aystem, The encrgy source {a provided
from a A5~kJ, 10-k" capacitor bank In {tm present
configuration, The hot de-k recolven all ita power
frow low capacitance (11.V, .nmulated) fllament and
‘control tranaformern. Control aignals such as the gate
duration (on/off), srcor Laput, and taterlock funct lona
are coupled to the appreopriate hardware via fiber
optiens The 10-0 output ahunt reailntor tn required to
limit the voltage traaiont on turn=off and provide an:
squal rate of current decay an  that provided during
turn-on.  The 30=pll V¥ load cotl connints of multiple’
windingm vound toroidally around the ZT-40M machine.
Output to the hot deck from the error and loop
compenartion amplifiers are the gate duration and nrrurl

rﬁB?i'."pﬂrTHthd undey the Aunplenn of Lhu'
N.8. Deparitment of Energy. .

A, [Reass
ongl Laboratory
Negw Mexico

signal. The error slgnal In derlved by comparing the
VF coll current (from CVR), and a referance waveform.

The {nternal components of the hot deck are
depicted In Fig. 2. The driver amplifiers consist of a
nolid state driven 3-1000 floating deck amplifier and a
,(JCX10000A7 cathode follower. This deaign 18 direct
voupled ~nd does not require power consuming level
‘shifting tecaniques. To provide a high curreant, 1long
pulse output without 6D rycle -andulation, dc filament
supplien are used., All static power for the drivers
such as cooling, dc filament, interlocks, and solid
atate electronica are derived from the 1ndlvidual
stages low capacitance (nv ifnaulated) Ffllament
itranaformser. Bias and B+ capacitor banka provide the
energy storage for the drivers. The output MLR61Ra are
split into two pairs, with oach palr receiving ita|
filament power on a different phase. To prevent|
ftlament breakage on long Rquare pulsen, it (LY
neceasary to remiatively ballast ench fllament terminal!
to the output (hot decl:) common., With a asingle ondvdi
output connection; {1t may be that the magnetie fleld,
generated hy the "unipolar™ current through the:
fitlament rod, coupled with the proper ac fflament!
current phasea and the stactic dc [leld, 18 sufficlent tu|
cause filament fatlure. i

; To provide the necensary giting and voltage drive:
to the 3-1000, a conventional wolid atate amplifier in
used (Fig, 1). Comacrcially avallahle opiic links unmed:
for the orror aignal have a 1-Mllz bandwidth with a 5;
volt marimum ou.put and 40-db dynamic range. The.
13=1000 amplifier {s buffered by the ICX100000A7 cathode
ifolluuer that can provide in oxcean of  40-A peak.
icurrent to the A618 grida. To prevent high  frequency
loncillation, an L-R "D)" network ia umed on all tube!
arida, !

Am nignificant coupling enistu hetween the VF cotl
and planma, the exact nature of the reflected tapedanc
cannot bhe canily dete.mined: The tmpedance would alan
change for differeat plasma conditions and rurrvulu.‘
To eane ayaten performance meanureneat, ad juntaent , and
denign, the error and Lloop ciomponnntion amplifiers are’
located at ground potential. To aimplify compeoration,!
a ningle domlnant pole open liop gatn wan dentred,
Tracea la thru 1d ahow the apen loop performance {nto a,
ronintive  load, The top waveforam are the driving
voltage (1 volt/divisnion), the hottom tiacea the gated
output (1000 ¥/div) waveform. Theme tracen indlcate a
60-kHz  forward loop bandwidth with & nsingle pole;
rosponde, The galn nlope at higher frequences did not:
‘aliow any pecullar changen.

Usning the arror and loop  compenent fon  amplifiors
(Fig. &) to meamure loop characteriaticn, the loop wan
broken at TPl and A4 glven n galn of |, The galn of Al
'ta chomen to give our system a tranaconductancs of 2tH)
Alvolt. The nolid ntate amplifier gain in the 1-Nuu”
wan then adjusted to glve a loop gatn of 1, The gain
jof AA wan then chosen to provide a forward loop pain of!
26 dh.  The relerence voltage waveform banduidth in
‘Timited to about 7 kHe (022 ufd & | k) on A} (error
amp) due o relatively poor signal to nolae ratton of
!thn FM fiber Links (~A0 dbh), The limited referconce
bandwidth  glven the appearance of a ecloasd  loop
‘bandwidth of 7 4He,  With the VF coll unnd tortean of A
dumay load cotll, tronhle wan sxparienced with cloned
|lnnp amplifier ntahiltty (trace 2),



MODLL PAPFR

7 18 29 1516 PRINT SUNFACE FORB 1/2 x 11 PAGE

10 15" COPY

_l'
)
1
]
R o - i
MM . > S .
I!
._l: oA
. ! -
MAN ENEAGY == - GATE N T VERTICAL
SouRcE cAVER 1
] "’"':";',..lmrm— 3 oo
) L ]
NTERLOCKS
cvA
,}' A AA e
wrRer cur =~ [ rc & Loer |1 suems
cCMPomANCY
amrEar " | MATER ...y,

Figure 1, Bloch diagram
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To facilitate the required changes
nmpenaation, various adjustments of the loop response
re provided by Rl, R2 and R3. Compensation on A4 (R3)
as required to provide the major pole in the forward
oop due to a 50~kHz parallel resonance in the VF colil
ery close to the uncompensated open loop 3-db
andwidth. Trace 3 shows the closed loop amplifier
idelity driving the VF coil with a 300-He triangle
ave. An excellent match between the reference (upper
race) and the gated output (lower trace) show the
chieved calibration of 200 A/V. Outetanding fidelity

f aine, tr'angle end squars wvave test signals can be
bserved on traces 4, 5, and 6. Square pulse response
etailing the rimetime (~ 40 ps) of a 500-A and

lat~topped 800-A pulses {a depicted In traces 7 and 8.
ypical waveforms for low plasma currents (~ 120 kA)
an be viewed in .cace 9. The upper trace {s the
reference voltage from the ZT-40M control room
£2V/dlv); the lower trace, VF coll current (200 A/div).
characteristic output required of the amplifier at
h00-kA plasma current diaplayed by trace 10
100 A/div).
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Tvn e la: l1-klir open loop reaponae
Top: 1| V/div Bottomr 1000 V/div

Trace lh;

10-kity vpen loop.
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Trace le: 50-kHz open loop.
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Trace ld: 70=kilz open lnop.

Trace 2t [nitial clowed lonp responas into 7F coll
10 ja/dfv RORIZONTAL, 100 A/div VERTICAL
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Trace 3: 3JU0-Hz closed loop into VF Coil
T: V ref 1 V/div B: Gated output 200 A/div

2-kllz Sinewave into VF coll
100 A/div

Trace 4t

Trace 31 1-kllr. triangle into VF coil
100 A/div
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Trace 6: 500-Hz Squarewav: into VF coil
100 A/divw
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Trace 7: 500-A Square pulre to VF
SO pu/div & 110 Afdiv

Teace B:
00 pa/div & 200 A/div

ROG-A Square pulae to VF
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Trace 9: Amplifier output with 120 kA plasma
T: V ref 2 V/div B: Output 200 A/div
2 as/div

Trace 101 Amplifier output witl 400-kA plarma
500 ps/div & 100 A/div

MECHANICAL DESIGN =~~~

To reduce cost, maximum usage of in-house parts
and home built components were used when possible. The
design of the hot deck unistrvut support etructvce and
high current fllament transfocmers can be viewed in
photograph 1. An over head view of the hot deck (photo
2) gives a good indication of its eize of a 4 ft. width
and a 7 ft. length. The }-1000 floating amplifier {i=
neareast (see phote 3 also), with the larger 3CX10000A7
cathode follower next to it. The MLB618s are located
at the far end, partially obecured by the cooling
blowers. The drivers energy storage and charging
systems are located in the rear of the hot deck. Grid
D—Q components and cooling blowers next to output tubes
can be seen in Photo 4.

CONCLUSLON

The design, construction and fahricatinn of the
hot deck system proved to be aatisfying i{n all

respects, For our application, it proved to bu an
xcellent design with our available in-house
omponents. Improvements could be realized 1in
ackaging and replacement of the 3-1000 floating
osplifier with a totally solid ntate unit. Having met
11 the requirements of pulse fidelity and current, we
ave further tested 1its capabilities ro 1200 smperes
ulput current. With the exprrience gained ir the
aplementation of this system, a solid foundation has
een laid for improved designs for the next generation
yotem; a compact 26~MW VF amplifier (22 kvR1200 A) for
the 2ZT-P .15 core reversed fileld pinch machine
(lg = 10 MA/M7).
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Photograph 3: View of 3-1000 flo tlrlg nmpllfier {nternal to hotdeck.

Photograph 41 View of m.nf.fw *ngnetlcnlly beamed 1 rlode.
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